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Argon- Arc  Welding  with  Additional  Argon  Stream 
•  by 

Dr.  Tech.  Sc.  Prof.  A.  A.  Alov,  Engr.  V.  M#  Shmakov  (ttATl) 

A  description  is  given  of  argon-arc  welding  with  the  employment  of  an  additional 
stream  of  argon  to  increase  the  depthjof  melting  of  the  basic  metal# 

The  dependence  of  seam  dimensions  upon  the  consumption  of  argon  in  the  additiofld.1 
stream  was  determined.  It  was  shown  that  at  optimum  consumption  of  additional  ar^on 
stream  the  depth  of  melting  increased  by  two  times  in  comparison  with  welding 
without  additional  stream* 

The  best  method  of  welding  thickwalled  objects  made  of  A!°fe6  alloy  appears  to  be 
argon-arc  welding  with  a  consumable  electrode  with  a  diemeter  of  nm  at  a  higher 
welding  current  of  550-600  amp.  A  further  increase  in  current  deteriorates  the  pro* 
tection  and  intensifies  the  oxidation  of  the  molten  metal* 

An  increase  in  the  angle  of  edge  separation  leads  to  an  increase  in  the  number  of 
layers  of  the  welded  on  metal  and  to  its  repeated  overheating^  which  reduces  the 
quality  of  seam  metal  and  reduces  the  productivity  of  the  process# 

Investigations  enabled  to  make  a  conclusion#  that  for  argon-arc  welding  of  details 
of  greater  thicknesses^de tails  made  of  aluminum  and  its  alloys,  of  greater  importance 
is  the  increase  in  depth  of  melting  of  the  basic  metal.  Here  we  have  an  increase  in 
the  share  of  the  basic  metal  in  the  welded  seam# which  cuts  losses  of  individual  compo¬ 
nents  of  the  alloy  and  reduces  the  tendency  toward  the  formation  of  pores  (porosity). 

With  an  increase  in  the  volume  of  the  welding  bath  crystallization  of  seam  metal  takes 
place  under  more  equilibrium  conditions^  the  inter  dendritic  and  intradendritic  depo~ 
sit  ion  decreases  and  the  number  of  pores  decreases  # 
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To  increase  the  depth  of  melting  of  the 
basic  metal  when  welding  in  amedium  of  pro¬ 
tective  gases  was  developed  a  method  of  weld¬ 
ing  with  an  additional  gas  stream*  For  veil¬ 
ing  was  designed  and  constructed  a  special 
burner  (fig.l)*The  additional  gas  stream 
is  fed  through  a  pipo  into  a  special  spout  and 
goes  into  the* welding  zone* 

To  investigate  the  effect  of  additional 
consumption  of  gas  stream  on  the  melting  depth 


Fig#l#Torch  for  welding  with  additional  the  welding  on  with  an  aluminum  wire  was  done 
argon  streams  1-nozzle;  2-pipe  for  deli~ 

vering  additional  argon;  3-special  currentin  an  argon  medium  on  an  aluminum  plate  15  nm 
conducting  spout;  ing  wire*a~basic 

argon;  b~additional  argon*  in  thickness*  The  welding  on  was  carried  out  at 

DC  current  at  reverse  polarity  •  The  welding  on  conditions  and  the  d  linens  ions  j>f  the 
roller  are  described  in  table  1* 


The  dependence  of  the  melting  depth,  width  and  height  of  roller  upon  delivery  of 
additional  argon  stream  is  shown  in  fig*2* 

Table  1* 


Sample  Diameter  Velding  Arc  voL.  Rate  of  Argon  de-  Holler  dimensions  in  m 

No*  of  elec-  current  tage  in  v.beading  livery.  depth  width  height 

,  t  trode  2  in  amp  4  _  in  m/hr  l/min _  S  cl  •  /  0  , 

in  mm  ’  S  •  basic  addit 


V/ithJan  increase  in  delivery  of  additional  argon  stream  to  a  certain  limit  the 

depth  of  basic  metal  melting  rises.  At  an  optimum  delivery  of  additional  argon  stream 

the  depth  of  basic  metal  melting  increases  in  double  as  compared  with  welding  without 

additional  stream*  ^ 

—  *  Micro  slides  of  weld  ups,  made  with  addi¬ 


tional  argon  stream  and  without  it  are  shown 
in  f  ig«3  and  4. 

The  increase  in  melting  depth  of  basic 
metal  is  explained  by  the  fact, that  the  add¬ 
itional  argon  stream  produces  an  additional 
pressure  on  the  liquid  metal  bath  and  aids 
in  a  more  thorough  expulsion  of  same.  The  heat 

Fig,2.JJependence  of  melting  depth  upon 

delivery  of  additional  argon  stream  of  the  arc  is  directly  transmitted  to  the 

( liter  s/min)  s  1~I  r  =  250  amp,dy=  2  ran; 

2~IQVer  »  250  amp,  d3  =  3  ran;  3-  Iover  =  basic  metal,  and  not  through  the  layer  of 
250  amp,  dy=  2  ran*  a-melting  depth; 

b-argon  delivery.  molten  metal,  which  is  observed  when  welding 

without  additional  argon  stream*  It  can  also  be  assumed  that  the  additional  gas  stream 
raises  the  temperature  of  the  arc  column.  An  increase  in.  melting  depth  leads  to  an 
increase  in  melting  area  and  in  the  amount  of  melted  metal  (table  2#fig#5) 


Upon  an  increase  to  a  certain  maximum  delivery  of  the  argon  stream  the  melting 

area  and,  consequently,  the  amount  of  melted  basic  metal  rise  doubly  in  comparison  with 

welding  without  additional  stream*  At  the  same  time  the  area  of  welding  on  remains 

practically  constant*  There  is  a  corresponding  rise  in  the  share  of  the  section  of 

the  basic  metal  in  the  formation  of  welded  seam. 

The  constancy  of  the  beading  on  area  indicates,  that  the  coefficient  of  beading 

(building  up  by  welding)  does  not  depend  upon  the  delivery  of  additional  argon  stream 
(ihble  3). 
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The  thermal  effectiveness  of  the  process  of 


Fig#3tM$croslides  of  beading:  a-without 
additional  argon  stream  ;  b-with  additional 
nal  argon  stream  16  l/min  (l^  »  250  amp, 

U3  =  25  V,  vover  =  18  m/hr,  cL  =  3  mm) 

X  3. 

where  Qn-  amount  of  heat  consumed  for 
the  melting  of  basic  metal,  in  sec*  Q,^  - 
amount  of  heat,  emitted  by  the  arc, per 
sec* 

Obtained  results  are  given  in  table  4 


melting  is  characterized  by  the  ratio  of  the 
amount  of  heat  necessary  for  melting  the  basic 
metal,  to  the  total  thermal  power  of  the  arc* 
This  ratio  is  called  total  thermal  coef¬ 
ficient  of  useful  action [2 J  ; 

.  '  1. (0 


wC/ivi  T  V  V . 


Fig*4*1^croslides  of  headings:  a-without 
additional  argon  stream;  b-  with  additional 
argon  stream  16  l/min  (  =  250  ampe 

UF  25  V,  vover  =  18  m/bxa,  d3  =  2  mm)X  3 


and  in  fig.6.  Total  thermal  efficiency  rise 


+ 


oubly*  Consequently,wh en  using  an  addi¬ 


tional  argon  stream  the  heat  of  the  arc  is  utilized  more  effectively*  And  so 
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for  example t  when  welding  at  a  current  of  200  amp  with  a  welding  wire  of  2  mm  in 
diameter  without  additional  argon  stream  the  malting  of  the  basic  metal  consumes 
11.5%  of  the  heat,  and  during  the  use  of  an  additional  argon  stream  -  22*8jC# 

Table  2# 


Sample  Delivery  of  Area  of  Area  of  beading  Share  of  section  of 
No#  addit*argon  melting  in  basic  metal  in  % 

\ .  lit/mln  '_2  3  ■ _ MLj _ _ 
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Table  3 


kJCUlifc/j. 

No# 


Delivery  of  additional 
argc$  lit/irdn# 
_ _ 


fficient  of  beading 
in  g/a-hrs 
_ 2-± _ 
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?,h-i 


Analogous  results  have  been  obtained  also  in  the  remainining  instances,  whereby  the 
effectiveness  of  utilizing. the  heat  of  the  arc  increases  with  the  rise  in  current  and 
its  density* 

The  investigations  havo  shown, that  during  the  welding  of  aluminum  with  a  2-3 
mm  in  diameter  wire  at  currents  of  .200-250  amp,  most  optimum  appears  to  be  the  delivery 
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of  additional  argon  stream  of  16-22  liters/min* 

Table  4 


Sample 

No# 

I 


De live r y  of  v; elding 
addit*argon  current 
in  l/min  in  amp 

3 


Electrode 
diameter 
in  mm 

*+ 


a _ y 

Amount  of  heat  Total  thorrridi 

in  cal/seo  effic 

emited  consumed  in  % 
by  arc  for  melt 
6  b*3sic  metal  "7 
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Fig*5*^ePQn^ence  of  melting  area  upon 
delivery  of  additional  argon  stream 
a-area;  b-delivery  of  argon#  1-I0v  =25° 
amp,  2  mm;  2-  I  =  25 0  amp,d^=  3  nsnj 
3-IQy  -  200  amp,  d-j-  2  mm# 


.  A  further  increase  in  delivery  leads  to 
a  deterioration  of  seam  formation  due  to 
deterioration  of  protection  and  often  to 
a  reduction  of  melting  depth  of  basic  me¬ 
tal#  This,  most  likely*  is  explained  by  the 
intensive  cooling  of  the  cathode  spot, be ' 
cause  the  welding  is  done  by  reverse  polarity 
and  by  the  reduction  in  heat  transfer 
into  the  basic  metal# 

At  an  optimum  delivery  of  additional  argon 


stream  the  arc  burns  stably  and  is  easily  excited#  In  fig#7  are  given  current  and 


FTD-TT-62-1754/1^2 


6 


and  voltage  oscillograms  for  the  beginning  of  the  welding  process  with  additional 
argon  stream  (  for  the  purpose  of  comparison  are  given  oscillograms  of  the  welding 
process  without  additional  argon  stream)# 


ir 


Fig#6#Dependence  of  total  thermal  coef-  Fig#7#  Current  and  voltaga  oscillograms 
ficient  of  useful  action  upon  additional  for  the  beginning  of  the  welding  process 
argon  streams  I  -I™  =  250  amp#d^=  2  mm;  at  a  rate  of  removal  of  50  mra/secj  a-with- 

i  =  79 a /mm?;  2-  1^  =  2j0  amp#  £3=  3  mm  out  additional  argon  stream;  b~  with  addttio- 

i  =  35*4  a  /urn2;  3-  *ov  ~  20/0  amP*  d3=  2  1221  1131  argon  stream  16  l/min  (  I^=  200  amp; 

i  »  63#^  a/mm2#  a-total  thermal  efficiency;!^  =  25  vf  v0T  =  18  m/hrt  2  inn)* 

b-argon  delivery# 

liechanical  properties  of  welded  joints^  ,  made  with  additional  argon  stream  are 
in  no  way  inferior  to  the  properties  of  welded  joints.made  without  additional  argon 
stream.  In  table  5  are  given  test  results  of  testing  gagarinsk  samples  .made  of  seam  metal 

Table  6 


Object  of  analysis 


Samples  welded  without  additional 
argon  stream 

Samples,  welded  with  additional 
argon  stream. 


..  1 

p  k;  mm* 

£,'S  1 

9. 2-9, 4 

24,1-16,0 

’  9.3  | 

31,1 

fl.6—9,7  j 

33,7-40,0 

1  9'1 

36,7 

The  material  of  the  samples  -  ADI  type  aluminum#  Velding  W^s  done  with  the  application 


of  an  additional  argon  stream  and  without  same  in  the  following  manner  1  240-250 


amp;  Uj)=  22-24  v;  Xg$  Trate  of  welding  ~  12  “/hr. 

In  table  6  are  givan  results  of  mechanical  tests  of  flat  welded  species.  /Vfcaterii.1 
i  of  the  samples  Dl,  thickness  4  mm,  Welding  condition*  Iyr  =  160-170  amp, 

Uj=  22-24  v;  Vwr  =  24  m/hr. 
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Table  6 


Object  of  analysis 


Samples,  welded  without  additional 
argon  stream 

Samples  with 
reinforcement 
Samples  without 
reinforcement 

1 _ 

X.0-29.1 

Samples,  welded  with  additional 
argon  stream 

Samples  with 
reinforcement 

i 

!  ?<i.€ 

Samples  without 
reinforcement 

I  29.7—  O.H  ' 

Conclusions 

!  2I.J> 

1*  The  use  of  an  additional  argon  stream  allows  to  increase  the  depth  of  basic 
metal  molting  and  the  effectiveness  of  utilizing  arc  heat* 

2.  The  depth  of  basic  metal  melting  rises  with  the  increase  in  delivery  of  ad¬ 
ditional  argon  stream  to  a  certain  maximum*  . 

3*  During  -argon-arc  welding  of  aluminum  with  a  2-3  11311  in  diameter  wire  at  a 
current  of  200-250  amp  the  optimum  delivery  of  additional  argon  is  16-22  lit/min. 
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